Introduction
============

Even though the etiopathogenesis of multiple sclerosis (MS) has not been fully understood, our understanding of inflammation and neurodegeneration involved in this complex disease has increased significantly over the past years.[@b1-ndt-11-2405] Various antigens, including myelin oligodendrocyte glycoprotein, myelin basic protein, KiR4.1, and others, have been postulated to have a causal relation. Further research in this area will be required to establish them as the target of aberrant adaptive autoimmune responses.[@b1-ndt-11-2405],[@b2-ndt-11-2405]

Approximately 8% of patients with MS experience more aggressive or hyperacute disease course.[@b3-ndt-11-2405] Some of these patients can be categorized as having highly active relapsing--remitting multiple sclerosis (HARRMS), although its definition remains debatable. European Medicines Agency (EMA) defined patients with HARRMS as treatment naïve patients with at least two disabling relapses in the last 1 year and at least one gadolinium-enhancing lesion or significant increase in T2-lesion load.[@b4-ndt-11-2405],[@b5-ndt-11-2405] Patients who have failed to respond to an adequate course of at least one disease-modifying therapy (DMT), presenting with at least one relapse in the previous year while on therapy and at least nine T2-hyperintense lesions or at least one gadolinium-enhancing lesion, were also characterized as having HARRMS.[@b4-ndt-11-2405]--[@b6-ndt-11-2405] For these patients, most designated MS centers currently adopt an approach of rapid and effective immunomodulation in order to prevent aggressive disease progression and severe disability accumulation.[@b7-ndt-11-2405] Early initiation of effective immunotherapy is considered to be important in this group of patients due to a narrow therapeutic window for anti-inflammatory agents.[@b7-ndt-11-2405]--[@b9-ndt-11-2405] Most of the conventional first-generation DMT may be ineffective in avoiding rapid accumulation of fixed disability.[@b10-ndt-11-2405]--[@b13-ndt-11-2405]

Development
===========

Alemtuzumab is a humanized immunoglobulin (Ig) G kappa monoclonal antibody (mAb) that targets and depletes cells with CD52 surface antigen.[@b14-ndt-11-2405] CD52 is one of the most abundant membrane glycoproteins comprising \~5% of the cell surface.[@b15-ndt-11-2405] In humans, it is expressed on lymphocytes (except plasma cells), monocytes, eosinophils, and macrophages.[@b16-ndt-11-2405] This antigen is also found in the male reproductive tract, including epididymis, vas deferens, seminal vesicle, and spermatozoa.[@b17-ndt-11-2405] Despite its expression in the male reproductive system, adverse effects, such as infertility, have not been reported with the use of alemtuzumab.[@b17-ndt-11-2405] This may be due to lower concentration of this therapeutic antibody in the seminal fluid.[@b15-ndt-11-2405]

Alemtuzumab was initially developed with the objective of depletion of T-cells for the management of graft versus host disease and lymphoid malignancies.[@b15-ndt-11-2405] During initial in vivo experiments, rat IgM antibody against CD52 surface antigen (CAMPATH-1M) was used for the management of lymphoid malignancies.[@b18-ndt-11-2405] Even though CAMPATH-1M coated the lymphocytes, there was no significant lymphocyte depletion. This was followed by the development of IgG2b anti-CD52 antibodies (CAMPATH-1G), which were able to bind to human Fc receptors and activate complement-mediated killing.[@b15-ndt-11-2405],[@b19-ndt-11-2405] CAMPATH-1G was successfully utilized for prevention of bone marrow transplant rejection.[@b19-ndt-11-2405] Subsequently, CAMPATH-1H, humanized IgG1 equivalent of CAMPATH-1G, was generated.[@b20-ndt-11-2405] This mAb was eventually approved for the management of chronic lymphocytic leukemia.

Mechanism of action
===================

There are three mechanisms by which alemtuzumab mediates immune cell depletion ([Figure 1](#f1-ndt-11-2405){ref-type="fig"}): antibody-dependent cell-mediated cytotoxicity, complement-dependent cytotoxicity, and apoptosis.[@b14-ndt-11-2405],[@b21-ndt-11-2405] In vitro experiments showed that antibody-dependent cell-mediated cytotoxicity occurs at much lower concentrations of alemtuzumab (0.01 mg/mL) than the concentration required for complement-dependent cytotoxicity and apoptosis.[@b22-ndt-11-2405],[@b23-ndt-11-2405] The cellular CD52 epitope recognized by alemtuzumab is the C-terminal peptide and is part of the glycophosphatidylinositol anchor.[@b15-ndt-11-2405] Binding of the antibody to the epitope promotes deposition of activated complement molecules and facilitates cell-mediated killing.

Numerous studies have evaluated the mechanism of growth arrest and apoptosis of B- and T-cells by CD52 antibody, but the exact mechanism remains unclear.[@b24-ndt-11-2405] The biological effects may be related to immunoprecipitation of cell signaling pathways by antibodies, leading to increase in tyrosine phosphorylation, which appears to correlate with the degree of growth inhibition. Decline in growth inhibitions seems to be also dependent on the density of CD52 receptors of target cells.[@b24-ndt-11-2405] Another study demonstrated that alemtuzumab, especially in combination with a cross-linking anti-Fc antibody, leads to activation of caspase 3 and 8.[@b25-ndt-11-2405] Caspase 8 has been shown to initiate cell death in response to extracellular apoptosis-inducing ligands. Caspase 8 signaling is further amplified by caspase 3.[@b26-ndt-11-2405]

Potential neuroprotective role of alemtuzumab was highlighted by a post hoc analysis conducted by Jones et al.[@b27-ndt-11-2405] Among patients in CAMMS223 trial with no clinical disease activity immediately before receiving treatment, there was significant improvement in disability in the alemtuzumab-treated group compared to those receiving interferon β1a (INF-β1a). This study also showed that peripheral blood mononuclear cell cultures when specifically stimulated with myelin basic protein, following treatment with alemtuzumab, produced an increased concentration of brain-derived neurotrophic factor, platelet-derived growth factor, and ciliary neurotrophic factor. T-cells played the most prominent role in the production of these neurotrophins. Post-alemtuzumab peripheral blood culture media promoted increased survival of rat neurons. These effects were reversed to some extent by the use of brain-derived neurotrophic factor and ciliary neurotrophic factor neutralizing antibodies. Peripheral blood mononuclear cell-conditioned media also enhanced survival and maturation of oligodendrocyte precursor cells.

Repopulation of leukocytes
==========================

CD19 cells (B-lymphocytes) are the first leukocyte subset to repopulate following alemtuzumab treatment, reaching the 25th percentile of pretreatment levels within 3--6 months.[@b21-ndt-11-2405],[@b28-ndt-11-2405] This is followed by CD8^+^ cells (cytotoxic T-lymphocytes), which reach the 25th percentile of pretreatment levels by 6--9 months. Helper T-cells (CD4^+^ T-cells) repopulate at slower rate, taking \>2 years to return to the 25th percentile pretreatment numbers. Pattern of leukocyte repopulation has been hypothesized to contribute to immune-mediated adverse effects of this therapeutic mAb.[@b21-ndt-11-2405],[@b29-ndt-11-2405]

Administration/dosing
=====================

In patients with MS, alemtuzumab is administered intravenously at a dose of 12 mg/d for five consecutive days, with a further 3-day course 12 months later.[@b30-ndt-11-2405] This dose is significantly lower than the dose used in patients with chronic lymphocytic leukemia.[@b31-ndt-11-2405] To prevent inflammatory response due to excessive release of cytokines, patients are premedicated with corticosteroids (methylprednisolone 1,000 mg or equivalent) for the first 3 days, immediately prior to alemtuzumab administration.[@b21-ndt-11-2405] Antihistamines and/or antipyretics are also used in some patients. Owing to high prevalence of herpes infection among patients receiving alemtuzumab, antiviral prophylaxis is initiated on the first day of treatment.[@b29-ndt-11-2405] The antiviral prophylaxis is continued for at least 2 months after completion of alemtuzumab and until CD4^+^ lymphocyte count is ≥200/mm^3^.

Efficacy
========

Phase II trial
--------------

CAMMS223 was a Phase II, randomized, and single-blinded trial ([Table 1](#t1-ndt-11-2405){ref-type="table"}), in which 334 previously untreated, early relapsing--remitting MS (RRMS) patients were randomized (1:1:1 ratio) to receive either annual cycles of intravenous alemtuzumab at 12 mg/d or 24 mg/d, or three times per week subcutaneous INF-β1a at a dose of 44 µg.[@b32-ndt-11-2405] The two coprimary measures of efficacy were rate of relapse and time to 6-month sustained accumulation of disability (SAD). The study was designed to last 36 months, but treatment with alemtuzumab was suspended prematurely after three patients developed immune thrombocytopenic purpura (ITP) and one of them died. This prevented two patients (1%) from receiving their second cycle of alemtuzumab at 12 months and 155 patients (75%) from receiving their third cycle of alemtuzumab at 24 months. The INF-β1a-treatment group completed the study unabated.

The two alemtuzumab dosing groups were both statistically equally efficacious, and their data were combined to demonstrate a 74% reduction in relapse rate and 71% reduction in risk of 6-month SAD when compared with INF-β1a group. Thus, both coprimary measures of efficacy were met.

Phase III trials
----------------

CARE-MSI and CARE-MSII were Phase III, randomized, and single-blinded trials ([Table 1](#t1-ndt-11-2405){ref-type="table"}) that were designed similar to the CAMMS223 trial. These trials also compared efficacy of alemtuzumab to INF-β1a for the treatment of RRMS by measuring the rate of relapses and the time to 6-month SAD.[@b32-ndt-11-2405]--[@b34-ndt-11-2405] Both CARE-MS studies enrolled patients with active MS who fulfilled 2005 McDonald criteria and had ≥2 relapses in the prior 2 years and ≥1 relapse in the prior year.[@b33-ndt-11-2405],[@b34-ndt-11-2405] The CARE-MSI and CARE-MSII trials differed in that the CARE-MSI trial enrolled treatment naïve patients with early RRMS, like the CAMMS223 trial, whereas the CARE-MSII trial enrolled previously treated patients with RRMS. The CARE-MSII patient cohort had experienced relapses after being on a DMT for a minimum of 6 months. These patients had more advanced disease than those in the CARE-MSI trial as they were allowed to have a higher expanded disability status scale (EDSS) score (≤5 versus ≤3) and a longer disease duration (\<10 years versus \<5 years since the first clinical manifestation).

The CARE-MSI trial enrolled 581 patients who were randomized in a 2:1 ratio to receive either annual cycles of intravenous alemtuzumab at 12 mg/d or three times per week subcutaneous INF-β1a at 44 µg that was followed for 24 months. The alemtuzumab-treated patient group had 55% reduction in relapse rate compared to the INF-β1a-treated group. However, there was no significant difference in the risk of SAD.

The CARE-MSII trial enrolled 840 patients who were followed for 24 months and randomized at a 2:2:1 ratio to receive either annual cycles of intravenous alemtuzumab at 12 mg/d or 24 mg/d or three times per week subcutaneous INF-β1a at 44 µg. The intravenous alemtuzumab at 24 mg/d group was discontinued to aid in the recruitment of patients into the other two groups, and data collected were utilized to assess safety but not efficacy. The two coprimary end points in this trial were met with a 49% reduction in relapse rate and 42% reduction in the risk of SAD in the alemtuzumab-treated group compared to the INF-β1a group at 24 months.

Long-term extension studies of alemtuzumab efficacy
===================================================

The CAMMS223 extension study followed 68% of the alemtuzumab-treated and 42% of the INF-β1a-treated patients from the original study.[@b35-ndt-11-2405] At 5 years, there was a continued reduction in relapse rate by 69% and reduction in SAD by 72% in the alemtuzumab-treated group compared to the INF-β1a-treated group. Interestingly, there was a 56% reduction in relapse rate in the alemtuzumab-treated group compared to the INF-β1a-treated group from years 3 to 5 of the study, which did not reach statistical significance.

Tuohy et al conducted an observational cohort study of 87 RRMS patients who received alemtuzumab. These patients had experienced ≥1 relapse in the preceding year, displayed an EDSS score \<6.0, had a disease duration \<10 years, and had not been exposed to any experimental therapy.[@b36-ndt-11-2405] The median period for follow-up was 7 years (33--144 months). The majority of patients (52%) required just two cycles of alemtuzumab, except for the patients who experienced relapses and required additional treatment cycles: three cycles (36%), four cycles (8%), or five cycles (1%). Compared to their baseline EDSS scores, 68% patients had an improved or stable level of neurological disability. By the area under the curve analysis, 60% of patients had an overall improvement or stabilization of disability. There was also a reduction in the mean annualized relapse rate (ARR) after treatment with alemtuzumab from 1.78 (SD 0.82) to 0.16 (SD 0.26).

The CARE-MSI and CARE-MSII extension studies are currently ongoing and will follow patients up to 10 years to assess efficacy and safety of alemtuzumab.[@b21-ndt-11-2405]

Management of highly active relapsing MS
========================================

Hirst et al reported an open-label experience from three regional centers in Europe using alemtuzumab as a therapeutic agent for the management of HARRMS in a consecutive series of 39 patients.[@b7-ndt-11-2405] The patients were followed up for a mean of 1.89 years. The mean ARR fell from 2.48 to 0.19 following treatment with alemtuzumab. Nearly one-third (29%) of the relapses were observed within the first 12 weeks following the infusion. This represents a reduction in the ARRs by 87% in the first year and 92% overall. There was also a significant change in the mean EDSS scores: −0.36 overall and −0.15 in those patients who completed ≥1 year of follow-up. Eighty-three percent of patients had stable or improved disability following treatment.

Perumal et al published two cases with HARRMS who were treated with subcutaneous alemtuzumab.[@b37-ndt-11-2405] There was a significant reduction in the number of relapses and an improvement in the disability in these two patients. Subcutaneous alemtuzumab was well tolerated with no major adverse effects.

In another study, 16 patients with aggressive MS (eight patients with RRMS and eight patients with secondary progressive MS \[SPMS\]) who were previously treated with mitoxantrone were administered alemtuzumab.[@b38-ndt-11-2405] Assessment of rate of disability progression and relapses were prospectively performed at 12 months and 6 months before treatment, at baseline, and then every 3 months following alemtuzumab administration. Among the SPMS patients, two remained disease free up to the last evaluation (4.7 years and 8 years), five improved or stabilized, one patient worsened. Among eight RRMS patients, seven had improvement in disability, four of whom remained disease free up to the last visit, and one patient progressively worsened.

Other therapies for management of HARRMS
========================================

Natalizumab
-----------

Seventy patients with HARRMS were treated with natalizumab and assessed for freedom from clinical, radiological, and disease activities (clinical and radiological).[@b8-ndt-11-2405] Fifty-two patients completed 2 years of treatment; of them 48% had freedom from disease activity. There was significant reduction in ARR from 2.49 to 0.47 at the end of the first year and to 0.34 at the end of the second year. There was also a significant reduction in the percentage of patients with contrast-enhancing lesions from 21 to 5.7 at the end of the first year and to 5.8 during the second year.

Another post hoc analyses of AFFIRM and SENTINEL trials showed that among treatment naïve patients who met the criteria for HARRMS; natalizumab reduced the relapse rate by 81% and the risk of disability progression by 64% compared to placebo.[@b39-ndt-11-2405] Among patients with HARRMS who were on INF-β1a, natalizumab reduced relapse rate and disability progression by 76% and 58%, respectively.

Fingolimod
----------

Derfuss et al performed a post hoc analysis (FREEDOMS and FREEDOMS II trials) to evaluate the efficacy of fingolimod versus placebo in patients with HARRMS.[@b40-ndt-11-2405] Based on the inclusion criteria for HARRMS, 249 and 257 patients were allocated to fingolimod and placebo groups, respectively. There was a significant reduction in ARR (48%) in the fingolimod group compared to placebo. There was also a significant reduction in 3-month (34%) and 6-month (45%) confirmed disability progression and brain volume loss (46%) among patients receiving fingolimod versus placebo. The number of contrast-enhancing lesions and new or enlarging T2 lesions was also reduced significantly by 65% and 69%, respectively.

Daclizumab
----------

A post hoc analysis of patient with HARRMS in SELECT trial was performed evaluating the effects of daclizumab high-yield process (DAC HYP) versus placebo.[@b41-ndt-11-2405] In this study, patients with daclizumab were defined as patients with ≥2 relapses in the year before randomization and ≥1 gadolinium-enhancing lesion at baseline. Among the patients in the DAC HYP group, there was a significant reduction in ARR by 50% compared to placebo. New or newly enlarging T2 lesion and gadolinium-enhancing lesions were also significantly reduced by 76% and 89%, respectively, in the DAC HYP group versus placebo. Sustained disability progression over 6 months was reduced by 88% among patients receiving DAC HYP compared to placebo, but this difference did not reach statistical significance (*P*=0.057).

Mitoxantrone
------------

Mitoxantrone has been utilized in patients with aggressive MS with some success, but its adverse effect profile limits the use.[@b42-ndt-11-2405],[@b43-ndt-11-2405] Additionally, a recent study showed that patients who had continued disease progression despite being on mitoxantrone showed some clinical and radiological benefits by transitioning to alemtuzumab.[@b38-ndt-11-2405]

Autologous hematopoietic stem cell transplantation
--------------------------------------------------

Autologous hematopoietic stem cell transplantation (AHSCT) is another therapeutic strategy currently being evaluated.[@b44-ndt-11-2405] In a Phase II trial, AHSCT was compared to mitoxantrone for the management of aggressive forms of RRMS or SPMS.[@b45-ndt-11-2405] The primary end point of the study was cumulative number of new T2 lesions. The secondary end points included number of gadolinium-enhancing lesions, ARR, and disability progression. There was a significant reduction in the number of T2 lesions in the AHSCT group compared to mitoxantrone. There were no gadolinium-enhancing lesions over a period of 4 years among patients who underwent AHSCT, whereas 56% of patients receiving mitoxantrone had new gadolinium-enhancing lesions. There was also significant reduction in relapse rate following AHSCT versus mitoxantrone. The results of this trial are promising, but more data points will be required to evaluate this novel therapeutic strategy. Profound immunosuppression associated with ASHCT puts patients at risk of opportunistic infections.[@b46-ndt-11-2405] This needs to further be evaluated to ascertain that the benefits of this therapy outweigh the risks.

Thus far, there are no head-to-head trials comparing the efficacy of abovementioned therapeutic strategies versus alemtuzumab for the management of HARRMS. It is not clearly evident if choosing one DMT (natalizumab, fingolimod, daclizumab, or alemtuzumab) over another would be beneficial. Therefore, clinicians should inform their patients about available treatment options. Side-effect profile, contraindications, route of administration, and frequency of dosing of each agent should be evaluated before deciding preferred therapeutic agent, for example, in a patient with positive JC virus serology, DMTs other than natalizumab should be considered.

Adverse events
==============

There were elevated rates of infusion reactions, infections, and autoimmunity in patients who received alemtuzumab for RRMS in the Phase II and Phase III trials compared to controls.[@b32-ndt-11-2405]--[@b34-ndt-11-2405] Interestingly, the number of patients dropping out of these studies because of treatment-related adverse effects was lower in patients treated with alemtuzumab (1.3%--3%) than those treated with INF-β1a (5.8%--12.1%). Even in the study evaluating the effect of alemtuzumab in HARRMS, infusion reaction was the most common adverse effect, occurring in 90%--99% of patients. These reactions were generally mild (fever, fatigue, nausea, headache, rash, and pruritus).[@b7-ndt-11-2405] Transient worsening of preexisting neurological deficits during infusion was also observed in three patients.

Infections occurred in 77% of patients treated with alemtuzumab 12 mg and were predominantly mild to moderate in severity and primarily affected the upper respiratory and urinary tracts.[@b32-ndt-11-2405]--[@b34-ndt-11-2405] There was a relatively high incidence (16%) of herpes infections in alemtuzumab-treated patients, which was alleviated by prophylactic treatment with acyclovir (or its equivalent). Spirochetal gingivitis, pyogenic granuloma, and listeria meningitis were the only infections observed in the open-label studies that may have been attributable to immunosuppression.[@b21-ndt-11-2405],[@b32-ndt-11-2405],[@b35-ndt-11-2405] Progressive multifocal leukoencephalopathy was not reported. There were no infection-related deaths in alemtuzumab-treated patients. Low rate of opportunistic infection could be due to preservation of innate immune system.[@b29-ndt-11-2405],[@b30-ndt-11-2405] This is likely explained by the fact that alemtuzumab depletes predominantly naïve T-cells and naïve B-cells, whereas memory T-cells and memory B-cells are relatively spared.[@b29-ndt-11-2405],[@b47-ndt-11-2405],[@b48-ndt-11-2405]

An increased risk of autoimmunity ([Table 1](#t1-ndt-11-2405){ref-type="table"}) among patients receiving alemtuzumab was also identified.[@b30-ndt-11-2405] This side effect is thought to be due to the pattern of repopulation of lymphocytes.[@b49-ndt-11-2405] The mechanisms through which lymphocytes repopulate include generation of new T-cells in the thymus or homeostatic proliferation of mature lymphocytes that escaped depletion by alemtuzumab.[@b28-ndt-11-2405],[@b49-ndt-11-2405] Latter mechanism seems to be more common among patients having more significant autoimmune adverse effects.

The most common autoimmune adverse event in the Phase III trials was thyroid autoimmunity (29.6%) in alemtuzumab-treated patients.[@b33-ndt-11-2405],[@b34-ndt-11-2405] In the CAMMS223 5-year follow-up study, 39% of patients treated with alemtuzumab 12 mg and 29% of those who received the 24 mg dose had autoimmune thyroid dysfunction.[@b35-ndt-11-2405] The onset of thyroid autoimmunity ranged from 6 months to 61 months post initiation of alemtuzumab treatment, and patients generally responded well to thyroid hormone replacement therapy.[@b21-ndt-11-2405],[@b33-ndt-11-2405],[@b34-ndt-11-2405] The rate of thyroid autoimmunity was even higher (41%) in the long-term follow-up study.[@b36-ndt-11-2405] The rate of autoimmune thyroid disease did not seem to be associated with the number of treatment courses; most probably due to longer follow-up, more cases were indentified.

In the abovementioned clinical trials, ITP was seen at higher frequency in alemtuzumab-treated group compared to the INF-β1a-treated group.[@b32-ndt-11-2405]--[@b34-ndt-11-2405] ITP associated with alemtuzumab differs from other drug-induced immune thrombocytopenia, which typically occurs within days of exposure to the offending agent and resolves within days of its discontinuation. There seems to be significant delay in the presentation of alemtuzumab-associated ITP (median 24.5 months) following initial drug administration.[@b50-ndt-11-2405] This delay may point toward the potential role of lymphocyte repopulation in the manifestation of ITP.[@b29-ndt-11-2405],[@b50-ndt-11-2405] Seven patients were diagnosed with ITP in CAMMS223.[@b32-ndt-11-2405] Six were in alemtuzumab-treatment group, whereas one was in the INF-β1a-treatment group. In June 2005, one of the six patients died secondary to intracranial hemorrhage. Following this fatality, investigators were instructed to perform monthly complete blood counts (CBC) to identify thrombocytopenia or other hematologic abnormalities and contact patients and advise them to report abnormal bleeding, bruising, or petechial rash. Administration of alemtuzumab was transiently suspended following development of mucocutaneous bleeding in two additional patients, who were diagnosed with ITP. Dosing of alemtuzumab was resumed in 2008 following amendments to the study protocol to include a formal monitoring plan to ensure timely detection and treatment of ITP.

In the Phase III CARE-MS trial program, the rate of ITP was \~1%; three patients in CARE-MSI and seven patients in CARE-MSII were involved in the program.[@b33-ndt-11-2405],[@b34-ndt-11-2405] Three of these patients needed to be initiated on rituximab, and one patient in CARE-MS studies also had to undergo splenectomy. The rate of occurrence of ITP was even higher (3.5%) in the Cambridge long-term study.[@b36-ndt-11-2405]

The ITP monitoring protocol includes monthly questionnaire for signs and symptoms of ITP offset by 2 weeks from the monthly CBC and peripheral blood smears.[@b32-ndt-11-2405]--[@b35-ndt-11-2405] Patients and investigators are educated about these cutaneous lesions through visual depictions of petechiae and ecchymoses.[@b50-ndt-11-2405] Patients are advised to continue safety monitoring for at least 4 years after their last dose.

Alemtuzumab has also been associated with the development of nephropathy.[@b29-ndt-11-2405] In a study by Meyer et al two patients developed antiglomerular basement membrane (anti-GBM) disease and had to undergo renal transplantation.[@b51-ndt-11-2405] In CAMMS223 and CARE-MS trials, four cases of glomerulonephritis were reported among patients treated with alemtuzumab (0.3%), including two cases of membranous glomerulonephritis (MGN) and two cases of anti-GBM disease.[@b32-ndt-11-2405]--[@b35-ndt-11-2405] Patients with MGN responded well to medical treatment, including diuretics and/or lisinopril. Two cases of anti-GBM disease showed improvement after treatment with plasmapheresis, cyclophosphamide, and glucocorticosteroids.

The onset of renal dysfunction following alemtuzumab infusion ranges from 4 months to 39 months. Clinical manifestations may include elevation of serum creatinine, hematuria, and/or proteinuria. Regular monitoring of serum creatinine and urinalysis have been recommended for the first 48 months.[@b52-ndt-11-2405] Any detection of worsening renal function (serum creatinine), unexplained hematuria, and/or proteinuria should prompt evaluation for possible nephropathy, especially MGN or anti-GBM disease.

Outlook
=======

The criteria for enrollment of patients in the CARE-MS studies may help guide clinicians to select patients with active disease (defined as ≥1 relapse in the past year and ≥2 relapses in the past 2 years, plus the presence of magnetic resonance imaging lesions). Both treatment naïve patients with active RRMS based on CARE-MSI and those refractory to treatment with other DMTs based on CARE-MSII demonstrated benefits with alemtuzumab. Therefore, among patients who meet criteria for active disease, consideration of initiation of alemtuzumab is warranted.

Additionally, the efficacy of alemtuzumab in challenging cases with HARRMS points toward its potential role in patients requiring early and aggressive immunomodulation to prevent severe disability accumulation. HARRMS criteria as suggested by European Medicines Agency can further help in the selection of treatment naïve patients for initiation of alemtuzumab as first-line DMT.[@b4-ndt-11-2405],[@b5-ndt-11-2405]

Most treated patients show significant disease control following two cycles of alemtuzumab.[@b35-ndt-11-2405],[@b36-ndt-11-2405] As more long-term data are made available to clinicians, there will perhaps be a better understanding of its therapeutic potential in patients receiving it for more than two infusion cycles. Even though the pattern of repopulation of immune cells has been attributed to be the cause of heightened risk of autoimmunity, clear understanding of precise mechanism of these adverse effects is still lacking.

The prescription of alemtuzumab is restricted under the Risk Evaluation and Mitigation Strategy program because of the high risk of infusion reactions, autoimmunity, and malignancy.[@b52-ndt-11-2405] The Risk Evaluation Mitigation Strategy program requires physicians, patients, pharmacies, and health care facilities all to enroll in order for alemtuzumab to be prescribed, distributed, and, finally, infused. Physicians, in particular, must complete a training course before prescribing alemtuzumab. A safety measure has been introduced with monthly monitoring of laboratory tests, including serum creatinine, CBC with differential, urinalysis with microscopy, and three monthly monitoring of thyroid function tests until 48 months after receiving last alemtuzumab infusion.[@b21-ndt-11-2405],[@b29-ndt-11-2405],[@b30-ndt-11-2405]

Lemtrada (alemtuzumab) was introduced in USA in December 2014 for the treatment of RRMS.[@b53-ndt-11-2405] Alemtuzumab entered a competitive market, which includes eleven other DMT options (five have been released in the last 5 years).[@b54-ndt-11-2405] Restrictions over prescription and monthly laboratory monitoring may impact the sales of alemtuzumab, compared to other disease-modifying agents. To our knowledge, there are currently no publicly available data that detail the prescription numbers for Lemtrada in the USA or Europe. Genzyme, Lemtrada's manufacturer, predicted physician adoption rates of 5% 1 year after introduction to market and 18%--20% 5 years after introduction to market.[@b55-ndt-11-2405] Genzyme predicted that physicians principally would prescribe Lemtrada as a second- and third-line medication and that the drug would be most popular among treatment-experienced patients.
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![Alemtuzumab-mediated cytolysis and apoptosis of T- and B-lymphocytes.\
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###### 

Depicting the summary of study end points and major adverse effects of the randomized control trial

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                CAMMS223[@b32-ndt-11-2405]                                   CAMMS223 extension[@b35-ndt-11-2405]                    CARE-MSI[@b33-ndt-11-2405]           CARE-MSII[@b34-ndt-11-2405]
  ----------------------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------- ------------------------------------ -----------------------------------------------
  Study design                                                                  Single-blind, randomized                                     Single-blind, randomized                                Single-blind, randomized             Single-blind, randomized

  Active comparator                                                             INF-β1a                                                      INF-β1a                                                 INF-β1a                              INF-β1a

  Number of patients                                                            Alem: 222                                                    Alem: 151                                               Alem: 376                            Alem: 426

                                                                                INF-β1a: 112                                                 INF-β1a: 47                                             INF-β1a: 205                         INF-β1a: 241

  Duration of follow-up, months                                                 36                                                           60                                                      24                                   24

  Relapse rate reduction by Alem                                                74% (*P*\<0.001)                                             69% (*P*\<0.0001)                                       55% (*P*\<0.0001)                    49% (*P*\<0.0001)

  Mean change in EDSS                                                           Alem: −0.39                                                  Alem: −0.30                                             Alem: −0.14                          Alem: −0.17

                                                                                INF-β1a: +0.38;                                              INF-β1a: +0.46;                                         INF-β1a: −0.14;                      INF-β1a: +0.24;

                                                                                *P*\<0.001                                                   *P*\<0.001                                              *P*=0.97                             *P*\<0.001

  Clinically disease-free patients[a](#tfn1-ndt-11-2405){ref-type="table-fn"}   Alem: 72%                                                    NA                                                      Alem: 74%                            Alem: 60%

                                                                                INF-β1a: 43%;                                                                                                        INF-β1a: 56%;                        INF-β1a: 41%;

                                                                                *P*\<0.001                                                                                                           *P*\<0.0001                          *P*\<0.0001

  New T1 contrast-enhancing lesion[a](#tfn1-ndt-11-2405){ref-type="table-fn"}   NA                                                           NA                                                      Alem: 9%                             Alem: 9%

                                                                                                                                                                                                     INF-β1a: 19%;                        INF-β1a: 23%;

                                                                                                                                                                                                     *P*\<0.0001                          *P*\<0.0001

  New or enlarging T2 lesions[a](#tfn1-ndt-11-2405){ref-type="table-fn"}        NA                                                           NA                                                      Alem: 48%                            Alem: 46%

                                                                                                                                                                                                     INF-β1a: 58%;                        INF-β1a: 68%;

                                                                                                                                                                                                     *P*=0.04                             *P*\<0.0001

  MRI and clinically disease free[a](#tfn1-ndt-11-2405){ref-type="table-fn"}    NA                                                           NA                                                      Alem: 39%                            Alem: 32%

                                                                                                                                                                                                     INF-β1a: 27%;                        INF-β1a: 14%;

                                                                                                                                                                                                     *P*=0.006                            *P*\<0.0001

  ITP[a](#tfn1-ndt-11-2405){ref-type="table-fn"}                                Alem: 2.8%                                                   Alem: 2.8%                                              Alem: 0                              Alem: 0

                                                                                INF-β1a: 0.9%                                                INF-β1a: 0.9%                                           INF-β1a: 1%                          INF-β1a: 1%

  Thyroid-related adverse effects[a](#tfn1-ndt-11-2405){ref-type="table-fn"}    Alem: 22.7%                                                  Alem: 29.6%                                             Alem: 18%                            Alem: 16%

                                                                                INF-β1a: 2.8%                                                INF-β1a: 3.7%                                           INF-β1a: 6%                          INF-β1a: 5%

  Goodpasture syndrome[a](#tfn1-ndt-11-2405){ref-type="table-fn"}               Alem: 0                                                      Alem: 0.7%                                              Alem: 0.3%                           Alem: 0

                                                                                INF-β1a: 0                                                   INF-β1a: 0                                              INF-β1a: 0                           INF-β1a: 0

  Malignancies                                                                  Alem: 3 (1 colon CA, 1 breast CA, and 1 Burkitt lymphoma)\   Alem: 3 (1 thyroid papillary CA and 2 basal cell CA)\   Alem: 2 thyroid papillary cancers\   Alem: 2 (1 basal cell CA and 1 AML)\
                                                                                INF-β1a: 1 (colon CA)                                        INF-β1a: 0                                              INF-β1a: 0                           INF-β1a: 2 (1 basal cell CA and 1 thyroid CA)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:**

Reported as percentage of patients.

**Abbreviations:** INF-β1a, interferon-β1a; Alem, alemtuzumab; EDSS, expanded disability status scale; NA, not available; MRI, magnetic resonance imaging; ITP, idiopathic thrombocytopenic purpura; CA, cancer; AML, acute myeloid leukemia.
